Introduction
Gastric cancer is one of the most common malignancies in Japan. Laparoscopic techniques have been used for the treatment of cancer in several organs, and laparoscopy-assisted distal gastrectomy (LADG) has recently been widely accepted for the treatment of early gastric cancer in Japan (Shimizu et al., 2003; Noshiro et al., 2005; Kitano et al., 2007) . The potential benefits of LADG include less pain, less operative blood loss, earlier resumption of oral intake and shorter hospital stay compared to conventional open surgery (Adachi et al.,2000; Shimizu et al., 2000; Kitano et al., 2002) . Obesity is a rapidly growing epidemic, and has been considered a risk factor for postoperative complications (Dhar et al., 2000; Inagawa et al., 2000) . Special caution may be required when performing laparoscopic surgery on obese patients. Although several studies have reported that obesity adversely affects the technical difficulty and postoperative outcome of laparoscopic surgery (Noshiro et al., 2003; Senagore et al., 2003; Yasuda et al., 2004) , some recent studies have reported that obesity does not adversely affect these factors (Leroy et al.; Kim et al., 2006) . The impact of obesity on the technical feasibility and outcome of laparoscopic surgery remains controversial. Obesity is characterized by an excess of visceral fat (VF) and subcutaneous fat (SF) accumulation. In Japan, the prevalence of obesity, defined by the World Health Organization as body mass index (BMI) ≥ 30 kg/m 2 , is only 2-3 %, in contrast to 30-35 % in the United States (Yoshiike et al., 2002; Kanazawa et al., 2005; Ogden et al., 2006) . However, recent papers have shown that Japanese have more VF tissue than Caucasians (Tanaka et al., 2003; Kadowaki et al., 2006) . The accumulation of VF is thought to be one of the important factors affecting operative difficulty in laparoscopic gastric surgery. Although many surgeons feel that excess VF accumulation increases operative difficulty, the relationship between fat accumulation and operative difficulty has not been fully studied (Tsukada et al., 2004; Seki et al., 2007) . It is well known that excess VF accumulation is associated with cardiovascular disease, diabetes and hypertension (Fujioka et al., 1987; Kanai et al., 1990; Despres & Lemieux, 2006) . We hypothesized that VF accumulation is also associated with technical difficulty and postoperative outcome of LADG. In this study, we evaluated the impact of VF accumulation on the technical difficulty and postoperative outcome of LADG (Ueda et al., 2009 ).
Patients and methods

Patients
The medical charts of 34 consecutive patients who had a preoperative diagnosis of early gastric cancer and underwent LADG in our hospital (Hamanomachi Hospital, Fukuoka, Japan) between November 2000 and November 2006 were analyzed. Three patients who underwent simultaneous LADG and cholecystectomy and one patient whose preoperative computed tomography (CT) was not performed in our hospital were excluded from the study. LADG was performed for lesions located in the antrum or body of the stomach. As the ability to perform extended lymphadenectomy is limited in LADG, the procedure was performed only for lesions thought preoperatively not to be infiltrating beyond the submucosal layer. The depth of infiltration of the lesion was assessed preoperatively using radiography, endoscopy and endoscopic ultrasonography.
Measurement of visceral and subcutaneous fat accumulation
VF and SF accumulation were quantified on preoperative abdominal CT images. The area of VF and SF tissue on cross-sectional CT at the level of the umbilicus was measured using FatScan software (N2 system corporation, Kobe, Japan) ( Fig. 1A and 1B) (Yoshizumi et al., 1999) . Patients were divided into high and low VF accumulation groups based on the area of VF tissue, according to the criteria for VF accumulation recommended by the Japan Society of the Study of Obesity. Patients in the high VF accumulation group had an area of VF tissue ≥ 100 cm 2 , and patients in the low VF accumulation group had an area of VF tissue < 100 cm 2 .
Surgical procedures
All LADGs were performed with 4 or 5 trocars under a pneumoperitoneum of 8 -12 mmHg. Operative techniques consisted of the following procedures as described in other papers (Noshiro et al., 2005; Kitano et al., 2007) : 1) laparoscopic dissection of the lesser and greater omentum, and ligation and division of the vessels to mobilize the stomach, 2) resection of the distal two-thirds of the stomach with D1+, D1+, or D2 lymph node dissection based on the Guidelines of the Japan Gastric Cancer Association, and 3) Billroth I reconstruction through a 5-8cm minilaparotomy incision.
Statistical analysis
We obtained the following clinical data from medical charts: age, sex, concurrent illnesses, tumor characteristics, operation time, operative blood loss, number of dissected lymph nodes, time to first flatus, time to resumed food intake, length of fever, white blood cell count, serum C-reactive protein (CRP) level and postoperative complications. Values were expressed as mean ± SD. Correlation between the area of fat accumulation and operative difficulties was analyzed by Pearson's correlation test. Differences between the two groups of patients were analyzed by either Student t-test or Χ 2 test. All statistical analyses were performed with StatView 5.0 software (SAS Institute, Cray, CA). A P value of < 0.05 was considered statistically significant.
Results
Correlation between fat accumulation and operative difficulty
To investigate the effect of fat accumulation on the technical difficulty of performing LADG, the correlation between fat accumulation and operation time was analyzed. The area of VF tissue was strongly and significantly correlated with operation time (P = 0.002, R 2 = 0.285, Fig. 2A ), but the area of SF tissue was not correlated with operation time (P = 0.229, R 2 = 0.052, Fig. 2B ). The correlation between fat accumulation and operative blood loss was also analyzed. The area of VF tissue was strongly and significantly correlated with operative blood loss (P = 0.0003, R 2 = 0.365, Fig. 2C ), but the area of SF tissue was not significantly correlated with operative blood loss (P = 0.060, R 2 = 0.120, Fig. 2D ). These findings suggest that VF accumulation rather than SF accumulation may be a risk factor in LADG. Because BMI has commonly been used as a marker of obesity, the correlation between BMI and operation time or operative blood loss was also analyzed. BMI was significantly correlated with both operation time and operative blood loss (P = 0.044, R 2 = 0.138, and P = 0.042, R 2 = 0.139, respectively) ( Fig. 2E and 2F ). VF accumulation was, however, much more strongly correlated with both operation time and operative blood loss than BMI. These data suggest that VF accumulation may be strongly associated with operative difficulty in LADG. 
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The impact of VF accumulation on operative difficulty and outcome of LADG
To confirm the impact of VF accumulation on LADG, patients were divided into high VF accumulation (160.4 ± 35.9 cm 2 ) and low VF accumulation (53.9 ± 24.9 cm 2 ) groups. Operative difficulties, operation time, operative blood loss, number of dissected lymph nodes, time to first flatus, time to food intake, duration of fever (> 37.5℃), white blood cell count on day 1 and 7, serum CRP level on day 1 and 7, postoperative complications, and conversion to laparotomy were compared between the two groups. Age, concurrent illnesses, tumor location, tumor size, tumor type, depth of tumor infiltration, and lymph node metastases were similar between the groups. The male to female ratio was significantly higher in the high VF accumulation group than the low VF accumulation group (Table 1) .
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The operative outcomes are given in Table 2 . Operation time was significantly longer in the high VF accumulation group than the low VF accumulation group (294 ± 34 minutes versus 255 ± 32 minutes, P = 0.003). Operative blood loss was also significantly higher in the high VF accumulation group than the low VF accumulation group (240 ± 129 g versus 109 ± 64 g, P = 0.001). There was no significant difference in the number of dissected lymph nodes, time to first flatus, time to food intake and duration fever between the groups. White blood cell count on day 7 and serum CRP level on day 1 and 7 were significantly higher in the high VF accumulation group than the low VF accumulation group. The frequency of postoperative complications and conversion to laparotomy was not significantly different between the groups, but major complications (anastomotic leakage) and conversion to laparotomy occurred only in the high VF accumulation group. There were no recurrences or deaths due to cancer during the follow-up period (range: 8 -75 months, mean: 32 months).
Discussion
The present study showed a significantly longer operation time and significantly more operative blood loss in patients with high VF accumulation than with low VF accumulation. However, time to first flatus, time to food intake, duration of fever elevation and postoperative complications were similar in the two groups. There were no operative deaths or requirements for blood transfusion in either group. These results suggest that LADG is as safe and beneficial for patients with high VF accumulation as for patients with low VF accumulation. In Japan, dietary changes favoring Western eating habits may have resulted in an increased rate of obesity in the population. BMI has been increasing in Japanese patients with gastric cancer (Kubo et al., 2005) . Obesity is characterized by an excess of fat accumulation, and VF accumulation has been reported to be associated with obesity-related diseases such as cardiovascular disease, diabetes and hypertension (Fujioka et al., 1987; Kanai et al., 1990; Despres & Lemieux, 2006) . VF accumulation may also be of great interest to surgeons, who consider excess fat accumulation to be a risk factor because of the limited visualization of surgical fields and increased difficulty of dissecting vessels. In this study, both operation time and operative blood loss were strongly correlated with VF accumulation, even though VF accumulation did not affect the operative death rate or postoperative complication rate. Our data suggests that VF accumulation may be a risk factor for operative difficulty in LADG. Two procedures were converted to open laparotomy, one because of difficulty isolating the root of the right gastroepiploic vessels in abundant fatty tissue, and the other because of difficulty in performing appropriate lymphadenectomy around the common hepatic vessels due to abundant fatty tissue. It is also recently reported that visceral fat accumulation increase operation time in laparoscopic resection of a rectosigmoid carcinoma (Seki et al., 2007) . These data strongly supports the surgical opinion that VF accumulation is a risk factor in laparoscopic surgery.
Although the obese population is increasing, severely obese patients are still uncommon in Japan compared to Europe and the United States. None of the patients in our study were severely obese, with the maximum BMI being 31 kg/m 2 and the maximum VF being 230 cm 2 . VF accumulation in severely obese patients may affect postoperative complications.
The effect of VF accumulation in severely obese patients undergoing LADG should be further investigated. Interestingly, the postoperative CRP and white blood cell count were significantly higher in the high VF accumulation group than the low VF accumulation group. VF accumulation is considered to contribute to systemic inflammation (Lyon et al., 2003) . It has been shown recently that adipose tissue secretes inflammatory cytokines such as tumor necrosis factoralpha (TNF-) and interleukin 6 (IL-6), and that IL-6 production by human adipose tissue increases with obesity (Ronti et al., 2006) . Gletsu et al. demonstrated recently that IL-6 content in adipose tissue increased dramatically after laparoscopic surgery, especially in VF tissue, and that plasma IL-6 concentration is strongly correlated with IL-6 content in adipose tissue (Gletsu et al., 2006) . Our data suggests that VF accumulation may play an important role in postoperative inflammation after LADG.
Conclusions
In conclusion, LADG for the treatment of early gastric cancer is as safe and beneficial for p a t i e n t s w i t h h i g h V F a c c u m u l a t i o n a s f o r patients with low VF accumulation. VF accumulation may, however, be a risk factor in LADG because VF accumulation had a strong correlation with both operation time and operative blood loss. VF accumulation should be considered as a possible risk factor when making the decision to perform LADG.
